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noted that the audits and annual assessments reviewed were adequately
documented and provided evidence of Mitsubishi’'s compliance with quality
assurance requirements. The team also verified that audit reports supported the
conclusions made by SCE.

5.2 Mitsubishi Quality Assurance/Quality Control

a. Inspection Scope

The team reviewed Mitsubishi implementation of their quality assurance program to
determine if it complied with the requirements of 10 CFR 50, Appendix B, “Quality
Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants.” The
team also reviewed a sample of reports from audits and surveys that Mitsubishi
conducted of various subcontractors, such as Sumitomo to determine the adequacy
of oversight provided by Mitsubishi activities affecting quality and that contracted
activities were implemented in accordance with the Mitsubishi-approved quality
assurance program. In addition, the team reviewed Mitsubishi’s Approved Suppliers
List to verify that vendors listed were qualified according to Mitsubishi’s specifications
and that the list was maintained current.

b. Observations and Findings
No findings were identified.

(1) Policies and Procedures for Supplier Selection and Control

The team reviewed Mitsubishi Quality Assurance Manual, Section 4, “Procurement
Control,” of the which defines the process used to ensure that purchased material,
source material, and subcontracted services conform to the applicable requirements
of the American Society of Mechanical Engineers Code and to customer
procurement documents. Section 4.4 of the Quality Assurance Manual provided
measures for the approval and control of suppliers and described the process that
Mitsubishi used to conduct surveys or audits, as required. Additionally, Section 4.4
provided guidance for the preparation of purchase specifications and subcontract
specifications, including the imposition of regulatory requirements for the American
Society of Mechanical Engineers Code, Section Il products.

The team reviewed Procedure BUH94-06, “Vendor Evaluation Procedure,” which
provided guidance on the evaluation of the quality control capability of suppliers by
performing surveys, audits and performance evaluations of the supplier quality
assurance program. Procedure BUH94-06 provided a detailed description of the
entire process to be followed by auditors before, during and after a survey/audit was
performed.

No issues were identified.

(2) Supplier Audit and Surveillance Reports
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The team reviewed a sample of external audits and surveys to verify Mitsubishi’s
approval process of Sumitomo Metal Industries, Limited, Steel Tube Works and
Sumitomo Metal Industries, Limited, Pipe & Tube Company Wakayama Steel Works.
The team noted that the audits and annual assessments reviewed were adequately
documented and provided evidence of each company’s compliance with quality
assurance program requirements. The team also verified that audit checklists were
prepared and completed for the audit and contained sufficient objective evidence to
support the conclusions made by Mitsubishi.

During the review, the team learned that as a consequence of nonconformance
report UHNR-SON-RSG-06N005 related to inadequate lot control during final mill
annealing of the tubing, Mitsubishi issued a stop work order to Sumitomo. As part of
their process Mitsubishi visited Sumitomo to find the root cause of the
nonconformance. After a review of Sumitomo’s corrective action, Mitsubishi was
able to confirm the adequacy of the corrective actions and preventive actions.
Mitsubishi released Stop Work Order UHH-GO6A097 imposed on Sumitomo.

On May 8, 2007, Mitsubishi performed Special Audit UHQ-07N004, on Sumitomo, in
order to confirm adequacy of activities based on Sumitomo Corrective Action Plan
UHCP-07N004. During the audit Mitsubishi found two findings and made one
recommendation. Both findings required corrective action from Sumitomo. The
Mitsubishi audit indicated that Sumitomo was not able to perform adequate activities
for manufacturing heat transfer tubing in accordance with Sumitomo’s shop manual.
The causes of the deficiencies identified during the audit were a result of Sumitomo’s
staff failing to follow the shop manual requirements. Because the two findings were
related to the stop work order, Mitsubishi did not allow Sumitomo to start
manufacturing activities until adequate implementation of corrective actions were
confirmed by Mitsubishi. On June 21, 2007, Mitsubishi verified Sumitomo
implementation of the corrective actions. During this visit at Sumitomo, Mitsubishi
verified the operations involving straight tube fabrication prior to tube bending
operations were performed in accordance with Sumitomo’s shop manual. Mitsubishi
found that the same type of corrective actions taken by Sumitomo for straight tube
fabrication operations applied to tube bending operations. During the review of the
implementation of the corrective actions Mitsubishi could not verify acceptability of
Sumitomo tube fabrication operations for the tube bending process. Mitsubishi
allowed Sumitomo to restart operation only for the straight tube fabrication. On

July 13, 2007, Mitsubishi subsequently confirmed the adequacy of Sumitomo
corrective actions on tube bending processes. Mitsubishi verified that the bending
operations followed the requirement of the Sumitomo’ shop manual. On July 17,
2007, Mitsubishi lifted the restrictions imposed on Sumitomo and they were allowed
to restart operations.

No issues were identified.

(3) Maintenance of the Approved Supplier List

The team reviewed Mitsubishi Quality Assurance Manual Section 4, “Procurement
Control,” which defined the controls for the maintenance, distribution, and update of
Qualified Vendor List UES-20100006. According to Section 4, the Nuclear Plant
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Quality Assurance Section had the responsibility for preparing, approving, and
distributing the qualified vendor list and any subsequent revisions. In addition, a
review by the quality assurance engineer was required prior to final document
approval. Mitsubishi was informed of changes to their supplier's quality assurance
manuals through procurement requirements imposed on the suppliers on their
certificate of qualification as an approved vendor. If the vendor did not maintain their
quality assurance program, they were removed from the qualified vendor list. Prior
to issuing a Quality Assurance Manual revision, approved vendors were required to
send a copy to Mitsubishi for review and approval, after which Mitsubishi updated the
qualified vendor list with the latest revision number and date.

No issues were identified.

Quality Assurance Conclusion

The team concluded that the quality assurance program requirements for quality
activities to support the replacement steam generator project were consistent with the
requirements of 10 CFR Part 50, Appendix B. The team also concluded that SCE’s and
Mitsubishi’s quality assurance program requirements were appropriately translated into
implementing procedures to support the replacement steam generator project.

Implementation of Steam Generator Industry Information (Charter Item 6) (Mitsubishi
Charter Iltem 3)

Inspection Scope

The team reviewed procurement documentation, Mitsubishi design documentation, and
the 10 CFR 50.59 review package to assess SCE’s and Mitsubishi’s consideration and
implementation (as appropriate) of operating experience as part of the steam generator
replacement project, and in the steam generator tube inspections conducted during the
current outages for SONGS Units 2 and 3. The team interviewed various personnel with
respect to operating experience considerations relating to major design changes
incorporated into the replacement steam generators. The team reviewed operating
experience in NRC generic communications and worldwide plant operating experience
that might potentially be relevant to conditions observed at SONGS.

Observations and Findings

No findings were identified.

The original steam generators installed throughout the domestic fleet of pressurized
water reactors, including SONGS, experienced widespread corrosion of the tubes and
tube support plates, stress corrosion cracking of the tubes, and wear at tube supports.
These problems led to the replacement of nearly all of the original steam generators, in
most cases well before the end of their design lifetime. For SONGS, the design of the
replacement steam generators included a number of design changes to correct life
limiting problems with the original steam generators, based in part on consideration of
SONGS-specific and industry-wide operating experience. This included use of more
corrosion resistant materials for the tubing and tube support plates to mitigate corrosion
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and stress corrosion cracking issues experienced in the past. The licensee’s bid
specification required that the stay cylinder feature of the original steam generators be
eliminated to maximize the number of tubes that could be installed in the replacement
steam generators and to mitigate past problems with tube wear at tube supports caused
by relatively cool water and high flow velocities in the central part of the tube bundle.
Mitsubishi employed a broached trefoil tube support plates instead of the egg crate
supports in the original design. In addition to providing for better control of tube to
support plate gaps and easier assembly, the broached tube support plates were
intended to address past problems with the egg crate supports by providing less line of
contact and faster flow between the tubes and support plates, reducing the potential for
deposit buildup and corrosion. Mitsubishi selected a u-bend configuration for the upper
part of the tube bundle instead of the square bend design of the original steam
generators based on its experience that u-bends were easier to fabricate and support
and were easier to inspect.

The team’s review of Mitsubishi design documentation for the anti-vibration bars
indicates that Mitsubishi considered wear in the u-bend region as the most important
issue affecting the anti-vibration bar design. Mitsubishi reviewed operating experience
regarding wear in the u-bend region of replacement steam generators and trended the
experience data as a function of steam generator manufacturer, tube packing
arrangements (tube pitch, square versus triangular arrays), and steam generator size.
The SONGS steam generators are relatively large, and Mitsubishi acknowledged that
this and the tight tube packing geometry could affect wear experience. Mitsubishi stated
that the SONGS replacement steam generator were designed to minimize these
concerns by providing more support points with shorter spans in the u-bend region along
with effective zero gaps between the tubes and anti-vibration bars during steam
generator operation. Mitsubishi manufacturing was designed on achieving very small
uniform gaps between the tubes and anti-vibration bars during assembily.

Engineering Change Package NECP 800071703 for the replacement steam generators
evaluated industry operating experience as it related to the manufacture and operation
of the replacement steam generators. Several of these experiences related to
fabrication issues, lack of weld quality, material defects, loose parts, lack of cleanliness,
and failure to fully expand tubes in the tubesheet. The licensee found most of these
issues to be applicable to the replacement steam generators at SONGS, but that these
kinds of issues would be adequately addressed by the supplier’s (typically Mitsubishi)
augmented quality assurance procedures and continuous quality oversight by the
licensee. The licensee also cited augmented receipt inspections, in-process
verifications, foreign material exclusion and control, and cleanliness inspections on the
part of the supplier or the licensee, as applicable, as addressing these issues.

The licensee addressed industry operating experiences relating to stress corrosion
cracking of steam generator tubing by noting that the Alloy 690 thermally treated tubing
in the replacement steam generators were expected to be substantially more resistant to
stress corrosion cracking than the tubing alloys used in earlier model steam generators.
The licensee also addressed experience at another unit which experienced tie rod and
consequential tube bow as a result of differential thermal expansion between the tubes
and shroud and unexpected interference between some tube support plates. The stay
rod (equivalent to tie rods at other unit) and shroud material for the replacement steam
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generators have been selected to have similar coefficients of thermal expansion which
would preclude a similar problem.

Steam Generator Degradation Assessment 51-9176667-001 (prepared by AREVA)
supporting steam generator inspections during the current outages for Units 2 and 3
evaluated industry operating experience relating to steam generator in-service
inspections. This included operating experience reports, including NRC Information
Notice 2010-05, “Management Of Steam Generator Loose Parts And Automated Eddy
Current Data Analysis,” relating to eddy current test probe issues and data analysis
errors. In response to these issues, SCE personnel stated that specific training was
given to the data analysts at SONGS on the lessons learned from these experiences
and where applicable, appropriate data was included in the SONGS site specific
performance demonstration. The licensee also described additional measures that
would be taken at SONGS to address these issues. The review also addressed
operating experience reports dealing with unexpected tube support indications or lack
thereof. In response, SCE stated that indicated anti-vibration bar locations by eddy
current will be compared to the anti-vibration bar locations specified in the Mitsubishi
design drawings.

Steam Generator Degradation Assessment 51-9176667-001 also addressed numerous
operating experience reports involving loose parts and foreign objects in steam
generators, including several instances involving resultant damage to steam generator
tubing. These reports included NRC Information Notices 2004-10, “Loose Parts in
Steam Generators,” 2004-16, “Tube Leakage Due to a Fabrication Flaw in a
Replacement Steam Generator,” and 2004-17, “Loose Part Detection and Computerized
Eddy Current Analysis in Steam Generators.” Some of these reports dealt with eddy
current probes, or pieces of probes, which were left behind as loose parts on the primary
side. Most of the operating experience reports related to lose parts and foreign objects
on the steam generator secondary side. In response, SCE approach for addressing this
issue was through procedure changes and secondary side visual inspections which
included the open tube lane, the entire peripheral annulus, and appropriate visual
examination followup on eddy current indications of possible loose parts. The inspection
with the exception of the loose parts component was performed, as scheduled, during
the current refueling outage for SONGS Unit 2. The inspection for loose parts will be
performed at the first scheduled inspection during the next refueling outage. The team
noted that possible loose parts indications were not found during the 100 percent eddy
current test inspection of the Unit 3 steam generators during the current outage. The
team also noted that secondary side visual inspections were performed in the upper
bundle area of the Unit 3 steam generators to evaluate the tube-to-retainer bar
intersections and in a limited area above the 7th tube support plate.

The NRC staff issued many generic communications relating to steam generator tube
integrity issues since the 1980s. The team reviewed these documents and determined
that many of these related to the potential for stress corrosion cracking of the tubes
which the staff found was not expected to be a concern for the thermally treated Alloy
690 material in the SONGS replacement steam generators by virtue of its greatly
enhanced resistance to stress corrosion cracking. Most of the others related to
problems encountered with eddy current flaw detection and sizing, the occurrence and
detection of loose parts/foreign objects, and monitoring of primary to secondary leakage.
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The team reviewed NRC generic communications not falling into one of the above
categories for potential relevance to SONGS Unit 2 and 3. One of these was NRC
Information Notice 2004-16 concerning an operational leakage event at another plant
due to damage caused by a packing screw during transport to the steam generator
manufacturer. The licensee stated in its steam generator change package that this
incident was precluded for SCE by prohibiting the use of screws and nails as fasteners
for tubing shipping crates. The licensee also addressed NRC Information

Notice 2007 37, “Buildup of Deposits in Steam Generator,” concerning fatigue of a low
row u-bend at a foreign unit as a result of deposit build up and lack of support for the low
row u-bend. Engineering Change Package NECP 800071703 specified that this type of
incident was precluded in the replacement steam generators by virtue of anti-vibration
bar supports extending to the low row u-bends. Steam Generator Degradation
Assessment 51-9176667-001 documented that this type of problem reflected an
advanced stage of deposit accumulation that was not anticipated for the foreseeable
future in the SONGS replacement steam generators.

Conclusions

The team’s review indicated that lessons learned from these NRC generic
communication documents had generally been incorporated into industry guideline
documents relating to steam generator inspections, monitoring of primary-to-secondary
leakage, and other guidelines documents prepared by the Electrical Power Research
Institute. This information was incorporated into SCE’s design specifications, inspection
and, leakage monitoring guidelines.

Packing, Shipping, Handling, and Receipt Inspection (Charter Iltem 7)

Inspection Scope

The team interviewed licensee personnel involved with the packing, shipping, handling,
and receipt inspection of the replacement steam generators. In addition, the team
reviewed SCE receipt acceptance criteria to assess if critical attributes were
appropriately specified and if the licensee had the ability to assess acceptability of
meeting those acceptance criteria. The team reviewed evaluations associated with
supplier deviation reports, nuclear notifications and changes to handling specifications.
With respect to replacement steam generators the team focused on differences in
SONGS shipping, handling, and receipt acceptance between the Unit 2 and 3 steam
generators from the manufacturing site in Japan to final installation on site.

Observations and Findings

The team identified three unresolved items for which additional information is required to
determine if performance deficiencies exist or if the issues constitute violations of NRC
requirements.

(1) Introduction: The team identified an unresolved item associated with Unit 3 steam
generators not shipped in accordance with specification SO23-617-01, “Design and
Fabrication of Replacement Steam Generators for Unit 2 and Unit 3,” Revision 4, and
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requirements for handling, storage, and shipping. Specifically, ANSI N45.2-1977,
“Quality Assurance Program Requirements for Nuclear Facilities,” required a special
protective environment for handling, storage, and shipping of the replacement steam
generators. However, because of schedule changes, the Unit 3 protective
environment which included maintaining a nitrogen pressure and a monitoring plan
was altered significantly.

Description: The team evaluated specifications associated with the shipping and
handling of the Unit 2 and 3 replacement steam generators. Based on the
information evaluated by the team, the steam generators procurement and shipping
specifications required monitoring and maintenance of nitrogen atmosphere inside
the replacement steam generators during shipment. Supplier Deviation Request
SDR 10041870-09091 dated December 1, 2009, documents a request “not to control
the positive pressure, the dew point of nitrogen, and the oxygen content on the
primary and secondary side of the Unit 3 replacement steam generators to
accelerate delivery schedule.”

Specification SO23-617-01, Section 3.16.3, specifies the supplier shall be
responsible for monitoring and maintaining nitrogen atmosphere inside the steam
generators during their shipping from Mitsubishi to the California port discharge
point. The team noted that Unit 3 steam generators did not require, monitoring or
control of dew point, oxygen concentration, inside nitrogen pressure. The team
could not identify if this was properly evaluated (Reference Section 5 of shipping and
handling procedure SO23-617-1-M1350).

Additional review and follow up will be required to review the evaluations and
corrective actions associated with the maintaining the Unit 3 replacement steam
generators protective environment during shipping and then determine whether this
issue represents a performance deficiency or constitutes a violation of NRC
requirements. This issue is identified as URI 05000362/2012007-05, “Shipping
Requirements not in Accordance to Industry Standards.”

(2) Introduction: The team identified an unresolved item associated with the shipping
and handling specifications requiring methods of tube bundle support. The team
could not determine if this requirement to provide a tube bundle support method was
adequately evaluated by SCE.

Description: Based on the information gathered by the team on shipping and
handling specifications associated with the Unit 2 and 3 replacement steam
generators, the team could not determine that Mitsubishi or SCE adequately
considered the potential impact of not providing methods of tube bundle supports as
required in Specification SO23-617-01. In response to the team questions regarding
tube bundle support methods, the team was provided with results from

Procedure L5-04GA069, “Sagging Measurement Procedure,” Revision 7. However
the team noted the procedure is considered a non-quality affecting procedure and
used for reference only.

Additional review and follow up will be required to review the evaluations associated
with the requirements to provide tube bundle support during shipping for the Unit 2
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and 3 steam generators and then determine whether this issue represents a
performance deficiency or constitutes a violation of NRC requirements. This issue is
identified as URI 05000362/2012007-06, “Shipping Requirements not in Accordance
to Design and Fabrication Specifications.”

(3) Introduction: The team identified an unresolved item associated with evaluation of
excessive shipping induced forces of Unit 3 replacement steam generator 3E-088.

Description: The team reviewed the SG shipping accelerometer data reports for both
Unit 2 and Unit 3. In addition, the team also reviewed shipping and handling records
and identified the following:

o Different transoceanic shipping companies and ships were used (U2: Happy
Ranger, U3: Enchanter)

e During the discharge from the ship Unit 3 replacement steam generator 3E0-88
(3B) recorded simultaneous signals on the three attached accelerometers

e Unit 3 steam generator 3E0-88 was the only steam generator to record
simultaneous signals on the three attached accelerometers

¢ Unit 3 steam generators received significantly more accelerometers hits
compared to Unit 2

Unit 3 replacement steam generator 3E0-88 accelerometers indicated up toa 1.23 g
spike with a simultaneous recording on all three of the attached accelerometers.
Mitsubishi provided an evaluation of the forces which showed loads were within
allowable stress limits but exceeded stress for an operating basis earthquake. The
team was not able to determine if this was properly considered.

Additional review by the NRC is required to fully assess if the shipping forces
contributed to the tube-to-tube wear in Unit 3 and then determine whether this issue
represents a performance deficiency or constitutes a violation of NRC requirements.
This issue is identified as URI 05000362/2012007-07, “Unit 3 Steam

Generator 3E0-88 Stresses Related to Handling.”

c. Conclusions

The team identified three unresolved items related to the shipment of Unit 3 steam
generators; however, the team did not identify any connection between these shipping
changes and the unexpected tube-to-tube wear.

The unresolved items are :
¢ Shipping Requirements not in accordance with Industry Standards
¢ Shipping Requirements not in accordance with Design and Fabrication
Specifications
e Unit 3 Steam Generator 3E0-88 Stresses Related to handling

Thermal-hydraulic and Flow Induced Vibration Modeling (Charter Item 8)
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a.

Inspection Scope

The team conducted and overall review of Mitsubishi thermal-hydraulic design
documents and drawings used in the manufacture of the Units 2 and 3 steam
generators. The team developed an independent ATHOS model to run simulations for
various operating conditions to assess thermal-hydraulic phenomena in the steam
generators and assess differences in key parameters based on changing operating
conditions. The objective of the modeling was to understand the interactions of the key
parameters to compare ATHOS modeling results to the degradation trends found during
the eddy current inspections.

The team reviewed portions of the vibration modeling. Two key outputs of the thermal-
hydraulic code are inputs to the vibration model, the ATHOS model results for fluid
velocity and void fraction were used to predict increases or decreases in vibration forces
and amplitude.

Observations and Findings

The team identified one unresolved item for which additional information is required to
determine if a performance deficiency exists or if the issue constitutes a violation of NRC
requirements.

(1) Introduction: The team identified an unresolved item associated with the adequacy
of Mitsubishi’s FIT-1ll thermal-hydraulic code. The FIT-Ill code predicted non-
conservative low velocity and low void fraction results which were used as inputs to
the vibration code FIVATS. These non-conservative thermal-hydraulic results lead
Mitsubishi to conclude that margins to instability were significantly larger than they
actually were.

Description: Replacement steam generators were designed and manufactured in
accordance with SONGS Design Specification SO23-617-1and ASME Section IlI,
“Rules for Construction of Nuclear Facility Components”. The replacement steam
generators had enhanced materials and maintenance.

The tube bundle, comprised of 9727 u-tubes, is supported by a set of seven tube
support plates which are maintained and spaced by a network of tie-rods. The ends
of the u-tubes were welded onto the tube sheet lower face cladding and were full
depth expanded in the tube sheet holes. The u-bends are supported by a set of 6
anti-vibration bars, having a maximum of 12 contact points, in the center of the
bundle. For shorter tubes near the periphery, a fewer number of anti-vibration bars
are present.

One of the major enhancements of the replacement steam generators was the use of
Alloy-690 tubing versus Alloy-600 for corrosion resistance. Alloy-690 has lower heat
conductivity so, to achieve the same power, the heat transfer surface area must be
increased by at least 10 percent. This required more tubes to be used in the
replacement steam generators. The increased number of tubes resulted in a more
tightly compacted tube bundle and elimination of the stay cylinder. The increase in
the number of tubes could lead to increases in primary reactor coolant flow through
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the steam generators. Orifices were machined as part of the steam generator inlet
nozzles to ensure maximum allowed primary system flowrates were not exceeded.

The tube layout indexing or incrementation used in these generators was smaller
than other replacement steam generator designs. The tighter indexing results in
smaller pitch/diameter ratio in critical regions of the tube bundle u-bends. In addition,
it was noted that the anti-vibration bar support structure is not connected to the
wrapper for lateral or vertical support; instead the anti-vibration bar system structure
is only supported vertically by resting on the tubes.

Other operational and physical comparisons of the replacement steam generators
and original steam generators were reviewed by the team and no significant
differences were noted.

Additional review by the NRC is required to fully assess the adequacy of Mitsubishi’s
FIT-III thermal-hydraulic code and then determine whether this issue represents a
performance deficiency or constitutes a violation of NRC requirements. This issue is
identified as URI 05000362/2012007-08, “Non-Conservative Thermal-Hydraulic
Model Results.”

(2) Thermal-Hydraulic and Vibration Assessments

The replacement steam generators thermal hydraulic operation and responses were
based on the steam generator design geometric characteristics and operating
parameters of the reactor coolant flow and temperature and the secondary feedwater
flow and temperature. Calculations were performed for 0 to 100 percent power,
beginning-of-life and end-of-life conditions considering limiting tube plugging and
fouling. The important actual operating parameters selected for use in the model
were saturation pressure, circulation ratio, steam flowrate, tube and shell side
pressure drops, water and steam inventories, and global heat transfer coefficient.

Mitsubishi used the SSPC (Steady State Performance Calculation) code to compute
these operational parameters, as described in Mitsubishi Document L5-04GA510,
“Thermal and Hydraulic Parametric Calculations,” Revision 5. The FIT-Ill code was
used to determine thermal-hydraulic fluid flow conditions, with the results described
in Mitsubishi Document L5-04GA521, “3D Thermal and Hydraulic Analysis,”
Revision 3. The FIVATS code was used to compute tube stability ratios that are
used to predict tube vibration, with results described in Mitsubishi

Document L5-04GA504 “Evaluation of Tube Vibration,” Revision 3. In addition, the
ABAQUS code was used compute stress and natural vibration frequency, and a
code called IVHET was used for tube wear analysis. The key design code for tube
bundle design and vibration analysis is thermal-hydraulic code FIT-lll since it
computes the two key parameters (fluid velocity and density') that are the primary
contributors to the onset of fluid-elastic instability, which indicates the potential for
excessive tube vibration.

' Void fractions and density are inversely proportional.
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The Mitsubishi acceptance criterion for vibration was to avoid fluid-elastic instability
of tube spans by keeping the calculated stability ratios less than 1. Mitsubishi used
the approach given in the ASME code Section lll, Division 1, Appendix N-1330,
“Flow-Induced Vibration of Tubes and Tube Banks,” to calculate stability ratios and
they also avoided natural frequencies of the tubes similar to the reactor coolant
pump dynamic frequencies.

Design specific flow induced vibration analysis was performed for select U-bend
tubes exposed to the greatest vibration risk, generally those with longest
unsupported length under most limiting operating condition (lowest steam pressure,
end of life design conditions). The phenomenon of fluid-elastic instability of tubes is
characterized by cross-flow velocity (for out-of-plane mode) and normal velocity (for
in-plane mode) where the local velocities exceed a critical velocity value (given via
Conners’ Equation?). The parameter of local velocity divided by critical velocity is
referred to as stability ratio. The accuracy of calculating fluid-elastic instability is
limited based on inputs that are best determined by design-specific mockup test
data. Mitsubishi did not perform design-specific mockup tests, but used generally
accepted test data, and other data based on Mitsubishi test rigs that were not
specific to the SONGS replacement steam generator design.

If operating velocities reach this critical value, vibration amplitudes can increase
rapidly and fluid-elastic instability forces can lead to rapid pulsation and damaging of
tubes. The U-bend region is most susceptible because (1) the local fluid has a
higher void fraction, with high velocities; (2) the fluid flow is in a direction normal to
the tube, and (3) the anti-vibration bars are limited in their dampening capability
along the plane of the tubes. Traditional design of anti-vibration bar systems have
not considered in-plane fluid forces since it was accepted that the rigidity and
dampening strength of the tube in this direction was adequate to preclude it. This
event at SONGS is the first US operating fleet experience of in-plane fluid-elastic
instability, sufficient to cause tube-to-tube contact and wear in the U-bend region.

The team noted that Design Specification SO23-617-1 did not address specific
criteria for stability ratio and does not mention fluid-elastic instability. The team did
find that the Mitsubishi calculated design values for stability ratios did not exceed 0.5.
It is important to note, that each steam generator manufacturer has different design
values for maximum stability ratios; therefore there is no standard value. The
smaller that the design stability ratio is (has to be less than 1), the more margin to
fluid-elastic instability.

Mitsubishi computed the flow-induced vibration status of the steam generators in
Document L5-04GA504, “Evaluation of Tube Vibration,” Revision 3. The critical flow
velocity, Uc, was obtained using the Connors’ Equation based on output fluid
velocities and densities from their FIT-11l thermal-hydraulic model. The critical flow
velocity is then calculated based on damping ratio, tube mass, tube outside
diameter, averaged local cross flow gap velocity, and fluid density per selected tube.
The method is based on formulations given in the ASME code Section I, Division 1,

? Fluidelastic Vibration of Heat Exchanger Tube Arrays, Journal of Mechanical design — Volume 100 — April 1978,
H.J. Connors, JR.
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Appendix N-1330, “Fluid Elastic Instability”. The ratio of normal-to-tube cross flow
gap velocity to this critical velocity defines the “stability ratio”.

Steam generator vendors must develop specific methods based on the thermal-
hydraulic code selected and experimental data used to determine coefficients in the
Conners’ Equation for their particular steam generator design. The experimental
data used in determining the coefficients can be developed from in-house tests or
taken from published industry data. Mitsubishi indicated that in their methodology
two conservatisms were used in their bundle vibration analysis: (1) FIT-IIl gap
velocities were averaged and multiplied by 1.5 and (2) one of 12 anti-vibration bars
contacts were assumed to be inactive. The team noted that in Mitsubishi Document
L5-04GA504, “Evaluation of Tube Vibration,” Revision 3, the 1.5 multiplier was not
an added conservatism but a requirement, needed to match test data results.

The team developed an independent model of the new steam generators using the
ATHOS thermal hydraulic code®. The calculations were intended to assess
operating cycle differences between Units 2 and 3 steam generators and review
thermal hydraulic phenomena within the steam generators in order to investigate key
parameters and causal factors for the excessive tube wear rates. The NRC ATHOS
calculations determined that the differences in primary inlet temperature and steam
flow between the units were negligible. NRC ATHOS results indicated high void
fractions and high u-bend gap velocities existed in the bundle as compared to
Mitsubishi FIT-Ill analyses used for design.

Mitsubishi provided a comparison of their ATHOS model to their FIT-lIl model
results. The Mitsubishi ATHOS model fluid velocities were approximately 3 times
higher than the FIT-1Il model velocities with the 1.5 multiplier applied. Other
independent code calculations, including an analysis by Westinghouse using their in-
house modified version of ATHOS and an analysis by AREVA using their French
code CAFCA4 showed similar thermal-hydraulic results (up to 4 times higher
velocities than FIT-IIl) as those computed in the Mitsubishi ATHOS results and the
NRC independent ATHOS calculations. Based on these comparisons, it was
concluded that the FIT-1ll code and model results used for design were non-
conservative even with the multiplier applied.

Most of the experimental work in fluid-elastic instability has been carried out for two-
phase flow, with an air-water medium. Accepted industry data, as presented by the
Mitsubishi, shows that in staggered array bundles (triangular pitch, pitch/diameter
=1.33), the onset of tube instability for modern steam generators, such as SONGS
steam generators, can start at tube gap velocities above 6 meter/sec (pending
effectiveness of the dampening structure)*. The NRC ATHOS model results
indicated that there was a substantial localized region in the lower hot side of the u-
bends where velocities exceeded 6 m/sec.

> ATHOS/SGAP Version 3.1: Analysis of the Thermal-Hydraulics of a Steam Generator, 2008

*R. Voilette, M. J. Pettigrew, N. W. Mureithi, “Fluidelastic Instability of an Array of Tubes Preferentially Flexible
in the Flow Direction Subjected to Two-Phase Cross Flow,” Trans. ASME, Journal of Pressure Vessel Technology,
128, 148 (20006).
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The NRC ATHOS calculations were compared to gap velocities computed both with
the Mitsubishi ATHOS and the FIT-IIl models. Since tube R142C88 was the only
one common for each of the analyses, it can be used as basis for comparison. The
effective peak velocities were as follows:

¢ NRC ATHOS - 5.2 m/sec
e Mitsubishi ATHOS — 5.6 m/sec
e Mitsubishi FIT-Ill — 2.5 m/sec

Both the NRC and Mitsubishi ATHOS results were reasonably consistent and
strongly suggested that high velocities coupled with high void fraction were primary
causal factors in the tube fluid-elastic instability and the excessive wear patterns
observed in the Unit 3 steam generators.

The team reviewed the verification and validation of both the Mitsubishi FIT-III
thermal-hydraulic and FIVATS tube vibration models as stated in Specification
S023-617-1, Revision 4. The specification required Mitsubishi to design and build
the steam generators in accordance with ASME NQA-1, “Quality Assurance
Requirements for Nuclear Facility Applications,” 1994, Subpart 2.7 “Computer
Software” and Mitsubishi’s quality assurance program.

The team reviewed Mitsubishi’s verification and validation Report KAS-20050201,
“FIT-1ll Code Validation Report,” Revision 2. The report concluded the FIT-III code
was valid for prediction of velocity and density behavior of two-phase flow under
nominal conditions for the secondary side of PWR steam generators.

The team reviewed Mitsubishi’s verification and validation Report KAS-20040253,
“FIVATS Code Validation and Qualification Report,” Revision 3. The FIVATS model
was designed to calculate the stability ratios by using the flow velocity and density
distributions from the FIT-IIl model. The FIVATS model primarily used the Conners’
Equation, and validation was performed mainly by comparison to hand calculation;
however, Mitsubishi used a mock-up test facility with a simple anti-vibration bar
structure as part of their validation effort. The report concluded that adequate
validation and qualification was performed to show compliance to software
requirements and that the code could predict flow-induced vibration.

The team requested additional information as part of the verification and validation of
the FIT-1ll thermal-hydraulic model. Mitsubishi provided several additional reports.
One of the reports showed benchmarking comparisons to a French test facility
program called CLOTAIRE in 1986. Another report conducted in 2002, showed
comparisons between FIT-1lIl and ATHOS, and concluded that both codes had good
correlation with the CLOTAIRE experimental data. Because of the limited
information provided, the team could not determine the validity of the benchmarking
of FIT-III.

Overall, the team determined that the validation and verification of the FIT-IIl code
did not present overwhelming evidence that this code has been adequately
benchmarked. The team did not find any problems with the validation of the FIVATS
code.
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(3) NRC ATHOS Results

Figures 1 through 4 (different view angles of same results) show results, with low Ty
and low steam pressure and present a 3D isometric encapsulation of steam qualities
(red scale) at and above 0.9 (i.e., void fraction > 0.99) and field velocities at and
above 6.0 m/sec (white scale).

The ATHOS model results of high steam quality and steam velocity closely align with
the area of concern (tube-to-tube wear) in the Unit 3 replacement steam generators.
In Figure 5, the code predicted regions of high void fraction and high steam velocities
(vertically located z-axis cut at about 20 inches above the 7" TSP) are superimposed
with tube-to-tube wear indications from Unit 3 steam generator 3E0-88.

The tube-to-tube wear indications align with anti-vibration bar wear indication trends;
however, the anti-vibration bar wear patterns appear to indicate a more square-like,
essentially rectangular behavior that suggests that there may also be a mechanical,
fabrication, assembly, and/or material contribution to the tube-to-tube wear
degradation.

Figure 1
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Figure 4
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Figure 5

The ATHOS code predicted regions of high void fraction and high steam velocities are
superimposed with tube-to-tube wear indications from Unit 3 steam generator 3E0-88

'?’.l'" 3 r‘?..-za--
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The NRC analysis indicated a correlation with the tube-to-tube wear based on a
combination of high void fraction and high steam velocities. It should be noted that
the traditional forcing function, fluid velocity squared times density, does not show
good agreement with the tube-to-tube wear patterns. This indicated that the high
quality steam fluid velocities and high void fraction may be sufficiently high to cause
conditions in the generators conducive for onset of fluid-elastic instability.
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The above analyses apply equally to Units 2 and 3, so it does not explain why the
accelerated fluid-elastic instability wear damage was significantly greater in Unit 3
steam generators. The ATHOS thermal-hydraulic model predicts bulk fluid behavior
based on first principals and empirical correlations and as a result it is not able to
evaluate mechanical, fabrication, or structural material differences or other
phenomena that may be unique to each steam generator. Therefore this analysis
cannot account for these mechanical factors and differences which could very likely
also be contributing to the tube degradation.

c. Conclusion

The team identified one unresolved item associated with the non-conservative FIT-Il|
thermal-hydraulic model results.

Based on independent NRC thermal-hydraulic analysis, the team concluded that the
SONGS replacement steam generators were not designed with adequate margin to
preclude the onset of fluid-elastic instability. Therefore unless changes are made to the
operation or configuration of the steam generators, high fluid velocities and high void
fractions in localized regions in the u-bend will continue to cause excessive tube wear
and accelerated wear that could result in tube leakage and/or tube rupture. The
deficiencies appear to be related to Mitsubishi’s FIT-III thermal hydraulic code having
predicted non-conservative low velocity results and low void fractions. These results led
Mitsubishi to conclude that margins to instability were significantly larger than they
actually are. This assessment is based on eddy current data, NRC ATHOS analysis,
Mitsubishi ATHOS analysis, and other thermal-hydraulic analyses completed by
Westinghouse and AREVA that all identified significantly higher fluid velocities and void
fractions than FIT-III.

Based on the cause evaluation and corrective action plan, SCE determined that the best
solution to prevent tube-to-tube wear was to conservatively plug and stabilize the
affected areas. By taking the impacted tubes out-of-service, SCE determined that this
should reduce the potential for localized fluid velocities reaching critical velocity. In
addition, in order to ensure sufficient margin to preclude the onset of fluid-elastic
instability, SCE determined that reactor power would also have to be reduced. At this
time SCE is still developing additional corrective actions to prevent tube-to-tube wear.
The actions have not been finalized and no determination has been made concerning
the appropriate power level. The NRC has not made any conclusions on the proposed
corrective actions. Once the corrective actions have been finalized, they will be
inspected as part of the Confirmatory Action Letter followup inspection.

Risk Assessment (Charter Item 9)

Inspection Scope

The team reviewed the steam generator tube leak and failures of multiple steam
generator tubes during in-situ pressure testing to support an assessment of the risk of
the degraded steam generator tubes during various accident conditions, including a
main steam line break accident.
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Observations and Findings

No findings were identified.

An NRC senior reactor analyst performed a preliminary risk assessment. The risk is
composed of two parts: (1) a non-consequential steam line break that induces a steam
generator tube rupture, specifically involving the degraded tubes; and (2) an elevated
risk of a tube rupture as an initiating event.

Assuming that a steam line break would cause the degraded steam generator tubes to
rupture during a “T/2” exposure period of 6 months yielded a change in the large early
release frequency of 4E-6/yr. However, SCE informed the NRC that a calculation is
under review that will likely indicate that the differential pressures generated by a steam
line break would not be large enough to rupture the degraded tubes as long as operators
successfully implemented their emergency procedures. If this is confirmed, the risk
associated with steam line breaks will be significantly reduced.

Although in this case the degraded condition of the tubes was manifested as a small
primary to secondary leak, it is possible that a full-blown rupture could have been the
first indication. The baseline core damage frequency of a steam generator tube rupture,
according to the SONGS SPAR model, is 4.26E-7/yr. Because of an unmitigated
bypass of containment, the large early release frequency is also 4.26E-7/yr. Assuming
conservatively that the steam generator tube rupture frequency would at least double,
the increase in large early release frequency attributable to the degraded tubes would be
approximately 2.13E-7/yr (taking into account a 6-month exposure period).

It should be noted, this is a preliminary assessment of the risk requiring additional
information and inspection to ascertain whether a performance deficiency exists. This
does not include or preclude regulatory or enforcement action by the NRC.

Assess Quality Assurance, Radiological Controls, and Safety Culture Components
(Charter Item 10)

Inspection Scope

The team reviewed the event, operator actions, management decisions, steam
generator eddy current examinations, in-situ pressure testing, and tube plugging and
stabilization activities to determine whether issues related to quality assurance,
radiological controls, or safety culture existed.

Observations and Findings

No findings were identified.

Region IV radiation protection inspectors reviewed the estimated offsite radiation
exposure from the actual steam generator tube leak on Unit 3 steam generator 3E0-88
that occurred on January 31, 2012, including the potential dose consequence to site
workers and members of the public. The licensee determined that the Unit 3 steam
generator tube leak resulted in a release of gaseous effluents into the public domain,
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and the primary radionuclides released were argon-41, xenon-133, and xenon-135. The
release resulted in an estimated 0.0000452 (4.52 E-5) mrem dose to the public.
Inspectors also reviewed design drawings and radiation monitor data, performed plants
tours, and confirmed the licensee’s use of the offsite dose calculation methodology.

Conclusions

The Region IV radiation protection inspectors concluded that the Unit 3 steam generator
tube leak was detected by the condenser steam jet air ejector radiation monitor 3RT-
7820 as per design. In addition, the radiation monitor 3RT-7820 alarmed and alerted
SONGS operators of the steam generator tube leak as required. The inspectors
concluded that SCE appropriately accounted for the unplanned release associated with
the Unit 3 steam generator tube leak.

Operational impacts from Unit 3 to Unit 2 (Charter Iltem 11)

Inspection Scope

As follow-on of the previous sections, the team reviewed collections of the Mitsubishi
documents and presentations, licensee documents and presentations, and NRC
independent analysis and assessments to consider the operational impact on Unit 2
based on analysis and data, including eddy current results, regarding the as-found
condition of Unit 3. The team compared key observations and overall differences in
operational parameters that are common to both units that could affect and possibly limit
Unit 2 operation. The team focused on differences in fabrication, manufacturing,
operation, and eddy current data results between Units 2 and 3 steam generators.

Observations and Findings

No findings were identified.

Since generator physical dimensions and design are identical, the operational
parameters are basically the same between the Unit 2 and 3 steam generators;
therefore, the hydraulic forcing function that caused tube-to-tube wear and accelerated
anti-vibration bar and tube support plate wear should also be same. The initial
inspections of the Unit 2 steam generators did not indicate significant wear except at the
retainer bars (different mechanism caused this wear). However, subsequent follow up
inspections in Unit 2 with a more sensitive probe confirmed the existence of minor tube-
to-tube wear in two neighboring tubes but in one of the steam generators. The tube-to-
tube wear that was found in Unit 2 was in a similar location as that found in both of the
Unit 3 steam generators.

The phenomenon of fluid-elastic instability is a function primarily of two criteria: the fluid
velocity forces and the damping capability of the support structure (i.e., the tube support
plates, the tubesheet, and the anti-vibration bars). Therefore, if it is determined that the
thermal hydraulic forces in the bundle are the same, it can be concluded that the
damping forces between the Unit 2 and Unit 3 replacement steam generators must be
different. Mitsubishi performed several studies that indicated that gap contact forces in
the anti-vibration bars were greater in Unit 2 than in Unit 3. However, with the exception
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of manufacturing data that shows slight differences, there is not currently a method
available to measure the clearances between the anti-vibration bars and the tubes;
however, SCE is currently working with AREVA to develop a method to take these
measurements.

The tube damage found in Unit 3 is markedly more severe than Unit 2, especially
considering that Unit 3 operated only about half the amount of time as Unit 2. This
suggests that there is indeed a sizeable difference in the damping capability of the unit
steam generators.

There are generally two options to arrest localized damaging thermal hydraulic
phenomena in steam generators. The first and preferred option is to plug tubes in the
affected area. The collective plugging tends to relocate and reduce high fluid velocities
and void fractions, and has on previous occasions in industry been successful.
However, if plugging selected tubes does not provide significant margins adequate to
arrest the damage mechanism, thermal hydraulic conditions can be reduced through a
reduction in power. Reducing power has several beneficial effects including (1) tends to
increase steam pressure, (2) reduces high steam fluid velocities and high void fraction in
the bundle, and (3) improves damping. Currently, SCE is still reviewing and developing
additional corrective actions to preclude fluid-elastic instability.

Conclusions
Based on the review of actual operating data and independent thermal-hydraulic
modeling analyses, the team determined that there were no major differences in the

thermal hydraulic phenomena at normal full power operation.

The NRC will review both physical and operational changes that SCE completes as part
of the Confirmatory Action Letter inspections.

Divider Plate Manufacturing and Weld Issues (Mitsubishi Charter Item 2)

Inspection Scope

On March 18, 2009, Mitsubishi identified cracking indications in the weld between the
divider plate and the channel head of Unit 3 replacement steam generator 3E0-88 (see
figure below), after completion of the ASME Section Ill hydrostatic test on the secondary
side. The extent of condition investigation also identified similar cracking indications in
Unit 3 replacement steam generator 3E0-89. As discussed in Section 4 of this report,
the cause of the cracking was attributed to the air carbon-arc gouging process used to
remove the clad weld from the channel head. The team reviewed information
associated with the repair of the cracking indications to assess whether the repair
activities resulted in relevant differences in design and fabrication that could be
considered as contributing factors for the cause of the tube-to-tube wear issue in Unit 3.
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Tubesheet

Divider Plate
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Divider Plate
Weld Repairs

Channel Head

Location of Divider Plate Weld Repairs in Unit 3 Steam Generators (For lllustration
Purposes Only)

b. Observations and Findings

The team identified an unresolved item for which additional information is required to
determine if a performance deficiency exists or if the issue constitutes violation of NRC
requirements. The team also identified several observations related to the divider plate
weld repairs in Unit 3 replacement steam generators.

1) Introduction: The team identified an Unresolved Item associated with the adequacy
of evaluation and controls for the divider plate weld repairs.

Description: The cracking of the divider plate weld in both Unit 3 replacement steam
generators required extensive repairs affecting the channel head, divider plate, and
tubesheet. Based on interviews with licensee personnel and the review of
documentation for the repairs, the team determined that Mitsubishi did not perform a
comprehensive evaluation to assess the impact of the divider plate repairs on the
integrity of the tube bundle. The team determined that the areas listed below were
not considered or evaluated in sufficient depth to identify the potential adverse
effects of the planned weld repairs.

¢ Additional Rotations — The repair activities for the Unit 3 steam generators
required additional rotations of the steam generator assembly while these were
oriented in the horizontal position. The repairs resulted in approximately 300
additional rotations in each steam generator, which could have affected the
configuration of the tube bundle in terms of anti-vibration bar gaps or distortion.
The team identified that Mitsubishi did not fully evaluate the impact of additional
rotations on the configuration of the steam generators since rotation was
considered a normal evolution in the fabrication process.

e Heat Input — The repair process included extensive heat-adding activities such as
grinding, flame cutting, and post-weld heat treatment. While these activities were
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performed in accordance with the construction code of record and an approved
repair plan, they could have resulted in thermal expansion and unintended
distortion of steam generator components. For example, the channel heads
were removed using flame cutting and Mitsubishi’s evaluation for the impact of
this activity was limited to the base material area in the vicinity of the cut, i.e. the
heat affected zone. Mitsubishi did not fully assess the impact this activity could
have on the overall configuration of the steam generator in terms of thermal
expansion of the tubesheet or distortion.

e Dimensional Checks after Repair — The team identified that Mitsubishi did not
perform dimensional verifications (e.g. clearances) of the tube bundle or other
secondary side dimensions after the repairs of the Unit 3 steam generators to
confirm that critical dimensions were not affected by the repairs.

Additional review by the NRC is required following completion of the licensee’s cause
evaluation to fully assess how the repair activities affected the Unit 3 replacement
steam generators and then determine whether this issue represents a performance
deficiency or constitutes a violation of NRC requirements. This issue is identified as
URI 05000362/2012007-09, “Evaluation of the Effects of Divider Plate Weld Repairs
in Unit 3 Replacement Steam Generators.”

Repair Plan: The team noted that Mitsubishi developed a specific plan to conduct the
repair of the divider plate weld in both Unit 3 replacement steam generators. The
repair plan adequately described the major repair steps and the required
implementing procedures. For some of the repair stages, the licensee developed
new procedures to prescribe activities outside the normal fabrication sequence. The
repair plan consisted of the following major steps:

e Cutting off the divider plate from the tubesheet by grinding

¢ Cutting off the channel head from the tubesheet by flame cutting

e Cutting the divider plate from the channel head by grinding

¢ Removal of the heat affected zone of the channel head bowl edge due to flame
cutting

e Application of weld buildup and post-weld heat treatment on the channel head
bowl edge

e Application of low alloy steel buildup and Alloy 690 butter on the bottom of the
channel head for divider plate welding, including required post-weld heat
treatment

e Application of Alloy 690 buildup on the divider plate, including required post-weld
heat treatment

¢ Welding divider plate to channel head

e Welding the divider plate to the tubesheet

e Welding the channel head to the tubesheet

e Primary side hydrostatic test
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3) Differences between Replacement Steam Generators: The team identified the

notable differences listed below between Unit 2 and Unit 3 replacement steam
generators as a result of the divider plate weld repair activities.

Material Class for the Tubesheets — The tubesheet material for both Unit 3
replacement steam generators was reclassified to facilitate the additional post-
weld heat treatment required for the repair of the divider plate welds. The
tubesheet manufacturer originally certified that the tubesheet material met the
requirements of ASME specification SA-508/Grade 3/Class 2, with a post-weld
heat treatment time of approximately 15 hours. The repair activities in Unit 3
required additional post-weld heat treatment, which was expected to affect the
properties of the tubesheet material to the extent that the mechanical properties
would not meet the requirements for SA-508/Grade 3/Class 2 material.
Mitsubishi performed mechanical testing on a specimen fabricated from the
archive samples that was exposed to 30 hours of post-weld heat treatment and
the tests showed that the tubesheet material’s tensile strength did not meet the
ASME specifications for SA-508/Grade 3/Class 2 material. Mitsubishi performed
a reconciliation review to reclassify the material to SA-508/Grade 3/Class 1,
which has a lower tensile strength. The reconciliation included an evaluation of
resulting stresses on the tubesheet under design, upset, emergency, faulted, and
test conditions using the material properties for SA-508/Class 1 material. The
evaluation resulted in acceptable stresses based on the stress limits imposed by
the construction code of record. This issue was evaluated by Mitsubishi in the
non-conformance report process and Supplier Deviation Request
SDR-08610041870-09086 was submitted to the licensee for review and
approval. The licensee approved the reclassification of the tubesheet material.

Minimum Thickness of the Channel Head Base Metal — The channel heads of
both Unit 3 steam generators were removed by flame cutting to facilitate the
divider plate weld repairs. The removal and final welding of the channel head
resulted in a reduction of the minimum wall thickness of the channel head base
metal. The minimum base metal thickness was reduced by 1.18-inches.
Mitsubishi evaluated this change in the “Design Report for the Channel Head
Region.” The reduction in minimum wall thickness was addressed through a
reconciliation of stress ratios based on the stress limits imposed by the
construction code of record. The analysis demonstrated the structural adequacy
of the channel head, primary inlet nozzle, primary outlet nozzle, primary manway,
support skirt, and the stud bolts of the primary manway.

Number of Bolts in the Divider Plate Patch Plates — The original design of the
replacement steam generators included a patch plate held in place at the upper
corners of the divider plate by three bolts. As a result of the divider plate-to-
tubesheet weld removal to support the repair activities, the Unit 3 divider plate
patch plates were modified to be held by two bolts instead of the three bolts
specified in the original design. Mitsubishi submitted this design change to the
licensee for review and approval. Licensee personnel approved the design
change as requested.
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¢ Weld Buildup on Channel Head Surfaces — Since the repair of the divider plate
welds in Unit 3 steam generators required cutting of the channel head, weld
buildup had to be applied on the affected surfaces in order to restore the
dimensions to design specifications. Mitsubishi submitted this design change to
the licensee for review and approval. Licensee personnel approved the design
change as requested.

o Post Weld Heat Treatment — The tubesheet-to-channel head weld area
experienced a total of two post-weld heat treatments. Both Unit 3 replacement
steam generators received an additional local post-weld heat treatment at
approximately 1103° F for approximately 3.5 hrs. Mitsubishi submitted this
fabrication process change to the licensee for review and approval. Licensee
personnel approved the design change as requested.

e Total of Rotations during Fabrication — The total number of rotations on each
steam generator varied as a result of the hydrostatic test results and the repairs
on the divider plate welds.

Steam Initial Additional Total

Generator Rotations Rotations for Rotations
Divider Plate
Repairs

Unit 2 E0-89 520 0 520
Unit 2 E0-88 510 0 510
Unit 3 E0-89 470 340 810
Unit 3 E0-88 440 320 760

c. Conclusions

13.0

The team identified one unresolved item associated with the repair work done on the
Unit 3 divider plate. The team did not identify any connection between the repairs of the
divider plate and the unexpected tube-to-tube wear.

Office of Nuclear Reactor Requlation (NRR) Review of SONGS 50.59 Evaluation

Inspection Scope

The NRR technical specialist reviewed all of the design changes associated with the
replacement steam generators to determine whether the changes to the facility or
procedures, as described in the updated final safety analysis report, had been reviewed
and documented in accordance with 10 CFR 50.59 requirements. The technical
specialist reviewed the various information used by SCE to review the changes being
made to the replacement steam generators, including calculations, analyses, design
change documentation, procedures, the updated final safety analysis report, the
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April 24, 2010

June 2010

August 2, 2010

October 4, 2010

October 2010 —
February 2011

February 2011
January 10, 2012
January 31, 2012
February 2, 2012
February 12, 2012

March 13, 2012

March 14, 2012

March 15, 2012

March 16, 2012

March 16 — 21, 2012

March 15 - 21, 2012

March 19 — 29, 2012

March 23, 2012

March 27, 2012
June 18, 2012

Unit 3 steam generator 3E0-88 passes primary side hydrostatic
pressure retest

AREVA performs baseline pre-service eddy current examinations
on Unit 3 steam generators at Mitsubishi facilities in Kobe, Japan

Unit 3 steam generators shipped
Unit 3 steam generators arrive at SONGS

Unit 3 performs a refueling outage and installs the replacement
steam generators

Unit 3 recommences power operations

Unit 2 refueling outage start

Unit 3 tube leak; rapid shutdown commences
Unit 3 reaches cold shutdown conditions

Unit 3 eddy current inspections commence on both steam
generators

In-situ pressure testing commences on tubes in steam generator
3E0-88 of Unit 3

In-situ pressure test failures on tubes located in Row 106 Column
78, Row 102 Column 78, and Row 104 Column 78 of steam
generator 3E0-88

In-situ pressure test failures on tubes located in Row 100 Column
80, Row 107 Column 77, Row 101 Column 81, and Row 98
Column 80 of steam generator 3E0-88

In-situ pressure test failure on tube located in Row 99 Column 81
of steam generator 3E0-88

The 65 remaining tubes in steam generator 3E0-88 pass in-situ
pressure testing

The 56 identified tubes in steam generator 3E0-89 of Unit 3 are
in-situ pressure tested and all tubes passed

NRC Augmented Inspection Team performs inspections at
SONGS

NRC received a letter from SCE outlining their commitments for
corrective actions prior to restart of both Unit 2 and Unit 3

NRC issues a Confirmatory Action Letter to SCE

NRC conducts public Augmented Inspection Team exit meeting
near SONGS
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IMPERIAL CA 92251

(760) 339-9574

sjkeene@iid.com

Garrick Jones

JBS ENERGY

311 D STREET

WEST SACRAMENTO CA 95605
(916) 372-0534
garrick@jbsenergy.com

John Sugar

JBS ENERGY

311 D STREET, SUITE A

WEST SACRAMENTO CA 95605
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(818) 548-4096
VPuffer@ci.glendale.ca.us

Steven G. Lins

Chief Assistant General Manager
GLENDALE WATER AND POWER
141 N. GLENDALE AVENUE, LEVEL 4
GLENDALE CA 91206-4394

(818) 548-2136

slins@ci.glendale.ca.us

Paul Patterson

GLENROCK ASSOCIATES LLC
EMAIL ONLY

EMAIL ONLY NY 00000

(212) 246-3318
ppatterson2@nyc.rr.com

Robert Gnaizda

Of Counsel

200 29TH STREET, NO. 1
SAN FRANCISCO CA 94131
(415) 307-3320
RobertGnaizda@gmail.com

Tom O'Neill

Managing Director

GREEN ARROW, LLC

3650 MT. DIABLO BLVD., STE. 106
LAFAYETTE CA 94549

(415) 844-4019
tom.oneill@greenarrow-llc.com

Carrie A. Downey

LAW OFFICES OF CARRIE ANNE DOWNEY
EMAIL ONLY

EMAIL ONLY CA 00000

(619) 522-2040

cadowney@cadowneylaw.com

James J. Heckler

LEVIN CAPITAL STRATEGIES
595 MADISON AVENUE

NEW YORK NY 10022

(212) 259-0851

A1012005 LIST
A1012006

(916) 372-0534
john@jbsenergy.com

Kirby Bosley

JP MORGAN VENTURES ENERGY CORP.
700 LOUISIANA ST. STE 1000, 10TH FLR
HOUSTON TX 77002

(713) 236-3383
kirby.bosley@jpmorgan.com

Paul Tramonte

JP MORGAN VENTURES ENERGY CORP.
700 LOUISIANA ST., STE 1000, 10TH FLR
HOUSTON TX 77002

(713) 236-3079

Paul. Tramonte@jpmorgan.com

Paul Gendron

JP MORGAN VENTURES ENERGYCORP.
700 LOUISIANA STREET SUITE 1000
HOUSTON TX 77002

(925) 708-4994
paul.gendron@]PMorgan.com

Ralph Smith

LARKIN & ASSOCIATES
15728 FARMINGTON ROAD
LIVONIA MI 48154

(734) 522-3420
rsmithla@aol.com

Naaz Khumawala

MERRILL LYNCH, PIERCE, FENNER & SMITH

EMAIL ONLY

EMAIL ONLY TX 00000
(713) 247-7313
naaz.khumawala@baml.com

Rajeev Lalwani
MORGAN STANLEY
EMAIL ONLY

EMAIL ONLY NY 00000
(212) 761-6978
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jheckler@levincap.com

Aaron Lewis

1472 FILBERT ST., APT. 408

SAN FRANCISCO CA 94109-1629
(530) 400-9136
aaron.joseph.lewis@gmail.com

Robert L. Pettinato

LOS ANGELES DEPT. OF WATER & POWER
111 NORTH HOPE STREET, RM. 1150

LOS ANGELES CA 90012

(213) 367-1735

robert.pettinato@ladwp.com

Michael Goldenberg

LUMINUS MANAGEMENT

1700 BROADWAY, 38TH FLOOR
NEW YORK NY 10019

(212) 615-3427
mgoldenberg@luminusmgmt.com

Joseph W. Mitchell, Ph. D.

M-BAR TECHNOLOGIES AND CONSULTING, LLC
EMAIL ONLY

EMAIL ONLY CA 00000

(760) 703-7521

jwmitchell@mbartek.com

Cleo Zagrean

MACQUARIE CAPITAL (USA)
125 W 55TH STREET

NEW YORK NY 10019

(212) 231-1749
cleo.zagrean@macquarie.com

David Marcus

PO BOX 1287
BERKELEY CA 94701
(510) 528-0728
dmarcus2@sbcglobal.net

Makda Solomon

NAVY UTILITY RATES AND STUDIES OFFICE
1322 PATTERSON AVENUE SE - BLDG. 33
WASHINGTON DC 20374-5018

(202) 685-0130

A1012005 LIST
A1012006

rajeev.]alwani@morganstanley.com

Richard J. Morillo

PO BOX 6459

BURBANK CA 91510-6459
(818) 238-5702
rmorillo@ci.burbank.ca.us

Phillip Moskal

PO BOX 371414

SAN DIEGO CA 92137
(619) 414-9703
thnxvm@gmail.com
For: Phillip Moskal

MRW & ASSOCIATES, LLC
EMAIL ONLY

EMATIL ONLY CA 00000
(510) 834-1999
mrw@mrwassoc.com

Shalini Swaroop

Sr. Staff Attorney

NATIONAL ASIAN AMERICAN COALITION
1758 EL CAMINO REAL

SAN BRUNO CA 94066

(650) 953-0522 X-231
sswaroop@naacoalition.org

Khojasteh Davoodi

NAVY UTILITY RATES AND STUDIES OFFICE
DEPARTMENT OF THE NAVY

1322 PATTERSON AVENUE SE
WASHINGTON NAVY YARD DC 20374-5018
(202) 685-0130

khojasteh.davoodi@navy.mil

Steven Endo

PASADENA DEPARTMENT OF WATER & POWER
150 S. LOS ROBLES, SUITE 200

PASADENA CA 91101

(626) 744-7599
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